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Abstract 
The microbial and proximate composition of an indigenous snack from fermented maize was investigated. Critical 
control points of milling the raw materials, fermentation pH, processing temperature and time intervals during hold-
ings in processing and storage were evaluated with a view to optimizing the product. The mean total aerobic plate 
count (TAPC) log10 values for samples of the finished products range from 2.07 ± 0.50 to 4.36 ± 0.10 cfu/g. Mean 
fungi count log10 was 2.00 ± 0.00 to 3.50 ± 0.50 while mean coliform count 1.04 ± 0.10 log10 cfu/g was detected in 
one of the sales outlets investigated. Bacterial and fungal species were isolated belonging to the genera Aspergillus, 
Rhizopus, Penicillium, Fusarium, Cephalosporium, Alternaria, Bacillus, Klebsiella, Staphylococcus, Lactobacillus, Pseu-
domonas, Proteus and Enterobacter. The moisture content of the samples ranged from 3.41 to 6.75%; fat content was 
19.68 to 32.59%; fiber content was 1.84 to 2.78% while protein ranged from 6.76 to 9.23%. The ash and carbohydrate 
contents ranged from 1.97 to 2.31% and 49.21 to 61.96%, respectively. Based on the specifications by International 
Commission for Microbiological Specification for Foods (ICMSF), the TAPC counts of the finished products remained at 
low levels. However, presence of coliforms could prejudice the hygienic quality of these types of products hence, the 
need for quality control.
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Background
Kokoro, a fermented maize cake, is produced in Ogun 
State, Nigeria and mainly in three villages of Imashayi, 
Joga and Iboro; all in Yewa North Local Government 
Area. It is widely consumed in the South-western States 
of Nigeria as snacks to pass time especially between 
meals. It is also a substitute for Kwuli-kwuli; a popular 
groundnut cake. Both snacks complement fried grated 
and fermented cassava (Gari) when taken in cold water 
with or without sugar (Braima et  al. 2012; Smallstarter 
2013).
Kokoro is produced from maize in a 3  day intensive 
process. The production involves the boiling of whole 
dried maize for about an hour and then allowing it go 
through natural fermentation for 24  h. The fermented 
maize is milled and mixed with wet milled onion (Allium 
cepa) and salt (NaCl) to form paster. The paster is 
kneaded and fried slightly for 2–4 min, thereafter it is left 
overnight before being fried a second time for 1–2 min. 
The finished product is either packaged in cellophane or 
left open and sold on street trade and/or market places.
The poor quality control and hygiene during prepara-
tion affect the taste and texture. There are variations in 
shelf life from different producers. These actually limit 
the commercialization of kokoro and HACCP imple-
mentation. The public health concerns associated with 
indigenous production of kokoro arise from the handling 
practices by individuals with no basic training on food 
hygiene. The environments are usually unhealthy with 
domestic animals in and around the processing area, a 
phenomenon already documented for other food prod-
ucts (Redmond and Griffith 2004a, b, c; Kennedy et  al. 
2005; Roseman and Kurzynske 2006; Brewer and Rojas 
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2008; Meysenburg et al. 2014). Water is usually sourced 
from streams, ponds, wells, few boreholes. Packaging and 
handling of the products before and during sales to con-
sumers are also source of concern. Like most other ready 
to eat foods sold on streets, road sides and market places, 
kokoro is prone and subject to contamination (Oranusi 
and Olorunfemi 2011; Oranusi and Braide 2012; Pricope 
et al. 2013; Aung and Chang 2014; Larsen et al. 2014).
Optimization and commercialization of the product 
for wider acceptability (outside Nigeria) demand stand-
ardization of the production procedures and a better 
understanding of the chemical composition and micro-
biological problems associated with kokoro production 
(von Holy and Makhoane 2006; Steyn et  al. 2011). The 
hazard analysis critical control point system is usually 
employed to identify hazards associated with the differ-
ent processing stages starting from the raw materials to 
the finished products and packaging. Such procedure 
is necessary for monitoring the flow of products, their 
integrity and the process parameters throughout produc-
tion also bearing in mind transformations taking place in 
the state of these products as an effective way of ensur-
ing product safety (Marvin et  al. 2009a, b; van de Brug 
et al. 2014). All these are taken into consideration in this 
research. The objectives of this preliminary study there-
fore were to identify the critical points where controls are 
necessary to prevent hazards as well as to establish meas-
ures to produce safe and wholesome products of com-
mercial standard as none is in existence presently.
Methods
Description of production area
Imashayi, Joga and Iboro communities are places with 
a very small population in Yewa North Local Gov-
ernment Area situated at 7°14′00″N; 3°02′00″E. It 
has an area of 2,087  km2 (806  sq  mi) and a popu-
lation of 181,826 as at the 2006 census. Imash-
ayi is located at Latitude 7.0833333/7°4′59.9982″, 
Longitude 3.0833333/3°4′59.9988″ while Joga is positioned 
between Imashayi and Iboro which occupies Latitude 
7.1/7°5′59.9994″, Longitude 3.1/3°6′0.0″. The three com-
munities are agrarian with an expanse of fertile soil. Ilaro is 
the host community to a Federal polytechnic; Ibese is the 
host community to Dangote Cement Company (Figure 1). 
Other cities, towns and places close to these study com-
munities include Joga-Orile and Awaiye. The closest major 
cities include Abeokuta, Shagamu, Ikorodu and Lagos 
(GoMapper 2013).
Sample collection
Sixty samples of kokoro, twenty each from Ibadan (Oyo 
State), Sango-Ota (Ogun State) and Iyana Ipaja/Oshodi 
(Lagos State) were purchased from ten different food 
vendors selected at random in each State. Sampling was 
done during both rainy and dry seasons. Samples were 
also collected from local producers at each stage of pro-
duction and of finished product. Samples purchased from 
food vendors were transported in cellophane packs wraps 
as purchased and were kept in ice packs before reach-
ing the laboratory under 24 h. In the same vein, samples 
from each steps of production were transported in sterile 
specimen containers held in ice packs. All samples were 
taken to the laboratory within the same day of collection 
for microbiological analysis.
Traditional kokoro production
Preparation involves the use of maize (Zea mays). 
The grains are washed and boiled for about an hour 
(depending on the hardness/how dry the grains are). 
The water used for boiling is decanted and grains 
steeped overnight to ferment. Fermented grains are 
sieved from steep water and milled without the addi-
tion of water. Salt (NaCl) and wet milled onion (Allium 
cepa) are added and mixed with the milled grains. The 
mixture is molded into small balls about the size of a 
medium sized orange. Each ball/mold by experience 
is estimated to produce a specific quantity of the final 
product. The small scale producers of kokoro can buy 
the balls from large scale producers at determined price 
per dozen to produce the final product at profit after 
sales. The balls are cut into small sizes and kneaded 
to produce thin circular or straight snack about 24 cm 
long, these are slightly fried in ground nut oil for 
2–4  min to a light-brown semi-finished product. They 
are covered in basket/basin overnight before a second 
(final) frying for 1–2 min to make the product ready for 
consumption as a light-brown/dark-brown crispy snack. 
The products are packaged in transparent cellophane or 
displayed openly for sale (Figures 2, 3).
Hazard analysis
The hazard analysis and critical control point’s evalu-
ations were conducted on the production protocol of 
three large scale kokoro producers, one from each of the 
three communities. Selection was based on the interest 
of the producers to participate in the exercise in which 
details of the procedures involved were explained by the 
researchers during the preliminary visits to the commu-
nities. Observations were made of the raw materials used, 
the personnel involved, the equipment and utensils, the 
environment, kokoro production and packaging practices 
to identify sources of actual and potential contaminants. 
Samples of raw materials and swabs of food contact sur-
faces were taken at different stages of production (imme-
diately after boiling, during steeping, milling, kneading, 
after first and second frying and when on display for 
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sales). The thermometer was cleaned in 70% ethanol and 
dried before use to avoid being a source of contamination 
to the samples. The analysis also included measuring the 
temperature–time exposure period and determination of 
pH during steeping, before frying and after production. 
The pH was measured using pH and temperature meter 
(ADWA-AD 1040).
A schematic diagram of kokoro production (Figure 2) 
was made based on the observations made and questions 
asked during processing. Previous researchers (Creswell 
and Clark 2011; Meysenburg et  al. 2014) used different 
types of charts and maps for monitoring the produc-
tion processes in some food products. Potential sources 
of contamination, critical control points that needed to 
be monitored and the likelihood of microbial survival, 
multiplication or destruction were noted as described by 
Oranusi et al. (2003).
Isolation and enumeration of microorganisms
Ten gram of each sample were blended with sterile war-
ring blender and homogenized in 90 mL sterile peptone 
water. The raw grains where however not blended but 
soaked for 10–20  min and washed out by vigorous agi-
tation. The resultant homogenate was diluted 10−2 to 
10−3 for the heat treated (boiled and fried) samples and 
10−4 to 10−7 for the raw materials. From the appropriate 
dilutions, aliquot 0.1  mL was spread plated in triplicate 
onto different media prepared based on the manufac-
turer’s instruction. Plate count agar (PCA), eosin methyl-
ene blue (EMB) agar and (PDA) potato dextrose agar (all 
from Biolab, India) were inoculated for total aerobic plate 
count (TAPC), coliform count and fungal count, respec-
tively. Bacillus cereus medium and mannitol salt agar 
(both from Oxoid, England) were inoculated for isola-
tion of B. cereus and S. aureus while Salmonella-Shigella 
Figure 1 Map of Yewa North showing study area. Source: Ministry of Lands, Surveys and Urban Development, Ogun (2008).
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agar (Fluka, Germany) were inoculated after 24  h pre-
enrichment of sample homogenate in Selenite F-broth, 
for isolation of Salmonellae. All inoculated plates were 
incubated at 37°C for 24–48 h for colony formation and 
enumeration. Exception to this incubation protocol was 
PDA plates that were incubated at 29 ± 2°C for 72–120 h 
and a plate of EMB incubated at 44°C and 24–48  h for 
faecal coliform organisms. Colonies formed at the expi-
ration of incubation period were counted using digital 
colony counter (Gallenkamp, England). Counts were 
expressed as cfu/g of sample. Samples of swabs of food 
contact surfaces and water were cultured for the pres-
ence of coliform organisms, S. aureus, B. cereus and other 
organisms concerned with food safety. Characteristic 
discrete colonies on the different media were isolated, 
and purified by repeated sub-culturing on Nutrient agar 
(Oxoid). Pure cultures were stored on agar slants at 4°C 
for further characterization. For the confirmation of 
Producer 1                Producer 2                   Producer 3 
Maize grains                 Grain       winnow    Grain       immerse in large vol.      Spices           Onion         Salt  
.                                                                                          water & scoop chaffs      oponal                                                       
Wash                                                                                                                                                      Peal  
Boil for about 1h     CCP                                                                                                                      Wash 
                              (Temperature) 
Decant water &                                                                                                            (3)     (3)          Cut 
Seep overnight 
At ambient temperature    CCP 
 29±2°C                                  (pH)                                                                                                    Wet mill 
Decant water & 
Mill 
Mix in basin with bare hands 
Mold into balls with bare hands                          LEGEND                                                                
.                                                                                             Contaminaon with vegetave cells likely                                    
Cut to sizes with bare hands &                                       Contaminaon with spores likely    
Kneaded                                                                              Contaminaon by utensils likely  
                                                                                             Contaminaon by personnel likely 
Fry for 2-4 min                                                                   Hazard of microbial growth and replicaon likely 
Mean internal temp.    CCP                                             Contaminaon by equipment likely    
59.0°C                            (Temp)                                         Hazard of microbial survival likely 
                                                                                             Contaminaon by packaging material likely 
Keep in basin/basket overnight                              CCP Crical control point        
At ambient room temp                                         
29±2°C 
Fry for 1-2min                                                              
Mean internal temp.    CCP                                         
40.5°C                            (Temp) 
Display openly     Package in cellophane      
                          Serve 
Figure 2 Flow diagram of kokoro preparation and handling.
Page 5 of 10Oranusi and Dahunsi. SpringerPlus  (2015) 4:253 
coliform organisms, the method as described by Ora-
nusi et  al. (2003) was adopted. Colonies on EMB were 
inoculated into lactose broth in test tubes with inverted 
Durham (bell) tubes. Incubation was done for 24–48 h at 
37 and 44°C. Gas production and/or color change of dye 
constituted a positive presumptive test. The broth was 
inoculated onto EMB plates for 37°C incubation. Typical 
colonies on EMB appearing bluish black with greenish 
metallic sheen characteristic of E. coli or brown mucoid 
colonies characteristic of E. aerogenes that are Gram neg-
ative and non-spore bearing confirmed the presence of 
coliform organisms. Isolates were stored on agar slants at 
4°C for further characterization.
Identification of isolates
Isolates on slants were purified by repeated sub-culture 
on nutrient agar. Pure cultures were identified based 
on standard methods of Jolt et  al. (1994). Identification 
of characteristic bacteria isolates was based on colonial 
morphology, microscopy and biochemical tests using 
Biomerieux® Sa API biochemical test kits. Fungal isolates 
were identified based on their morphology, microscopy 
and pigmentation on media with reference to standard 
identification keys and atlas (Tsuneo 2010).
Proximate analysis of samples
The chemical compositions of the samples were deter-
mined according to the procedure outlined by the Asso-
ciation of Official Analytical Chemists (AOAC 1980). The 
kokoro samples were analyzed for moisture content, car-
bohydrate, protein, lipid, ash and fiber. Moisture content 
was obtained by drying samples in moisture dish in an 
oven at 105°C until constant weights was obtained. For 
Ash content, pre-dried samples obtained from moisture 
content analysis were ashed in furnace at 550°C over-
night. Crude protein value was obtained from nitrogen 
which was earlier determined by MicroKjedalh method 
and by multiplying by 6.25 (conversion factor for nitro-
gen to protein). Crude fat was obtained by exhaustively 
extracting 2.0  g of each sample in a Soxhlet apparatus 
using petroleum ether (b.p. 40–60°C) as the extractant. 
Determination of crude fibre was done by trichloroacetic 
acid method (Oladipo and Jadesimi 2012) while carbohy-
drate content was obtained by difference from the com-
bined percent of moisture, protein, ash and fat from 100 
(Nwanze et al. 2006).
Statistical analyses
The statistical analysis of the data was done using the 
SPSS 20.0 software for windows (SPSS 2011). The values 
obtained were confirmed using one-way ANOVA at 0.05 
level of significance. Further test on those found to be 
significant was done using Duncan multiple range tests 
(DMRT).
Significance and impact of study
Kokoro is an ancient snack valued especially within the 
South western and North central regions of Nigeria com-
prising of over ten states. It is widely distributed as well. 
However, this study has shown the various critical and 
hazard points towards ensuring the safety of this product 
for consumers. The result of this study is significant as it 
will be implemented in the bid to commercialize kokoro 
production in Nigeria as well as ensuring safety and 
proper hygiene to safeguard public health. It will further 
contribute to the development of food production data-
base in Nigeria.
Results and discussion
Figure 1 show the map of the producing towns of kokoro 
and from where some of the samples (raw materials and 
finished products) were collected. Figure 2 is a flow dia-
gram showing hazards and critical control points of 
kokoro production. The figure reveals the activities and 
attitude of the three different investigated producers in 
handling the raw material (maize) before real process-
ing commences during which they all eventually follow 
same pattern throughout the production period. In the 
figure also, products are shown to be mixed with bare 
hands and time–temperature exposure is for <5  min 
and below 60°C. There is also the likelihood of product 
contamination by vegetative cells and spores as well as 
microbial survival, growth and multiplication. Sources 
of potential contamination observed during hazard 
analysis include dirty food processing environment, ani-
mals (goats, chicken and ducks) roaming food process-
ing environment, toilets and bathrooms being located 
Figure 3 Kokoro after final processing.
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within 50–100 m from processing area and could serve as 
pools for pathogens proliferation and distribution. Oth-
ers include children picking and playing with food uten-
sils as well as grinding machine and kneading boards not 
properly washed and rinsed. The mean microbial load 
(cfu/g) of samples at different stages of production is pre-
sented in Table 1. It shows that milled maize and onion, 
and water used for processing had significantly (P < 0.05) 
higher microbial counts compared to other samples. The 
kokoro products from all the sampling outlets had mean 
counts of 2–3 log10 except however, samples from Ibadan 
with TAPC in the order of 4 log10. Table  2 shows the 
microbial isolates from the samples and swabs of food 
contact surfaces. Bacillus and Staphylococcus spp, Gram 
negatives—Pseudomonas, Klebsiella and Proteus and 
moulds—Aspergillus, Rhizopus and Penicillium were the 
predominant microbial contaminants. The percentage 
proximate compositions of kokoro from different sales 
outlets are shown in Table 3. The table reveals significant 
difference (P < 0.05) for some parameters measured and 
lower in comparison to whole maize. Moisture is lower 
in samples from Lagos while kokoro from Ibadan gave 
a lower value for carbohydrate and higher value for fat 
when compared to other samples.
Grains used in the production of kokoro are sourced 
from the open market and are not of any specific stand-
ard in terms of microbial load, moisture content and 
storage conditions. The major criteria for purchase are 
cost and easy availability. Quality control and commer-
cialization of this product will demand adequate trace-
ability of the raw materials (Wang and Li 2006; Karlsen 
et  al. 2013). Washing of the grain will likely reduce the 
microbial load by one to two log but this largely depend 
on the quality of water used. Water is also an essential 
raw material and a medium needed to sanitize the food 
contact surfaces (equipment, utensils, and personnel) 
and the environment. Poor quality water will give a bad 
Table 1 Mean microbial counts log10 (cfu/g) of samples at 
different stages of production
Sample types pH Mean microbial count
TAPC Coliform count Fungal count
Producer 1
 Water for process-
ing
6.7 6.32 ± 0.2 6.04 ± 0.7 –
 Raw maize 6.4 4.85 ± 0.4 3.53 ± 0.1 4.55 ± 0.6
 Boiled maize 6.0 1.39 ± 0.2 – 1.07 ± 0.5
 Fermented maize 5.8 7.14 ± 0.6 2.00 ± 0.0 4.84 ± 0.5
 Steep water after 
fermentation
5.8 7.25 ± 0.5 2.07 ± 0.9 4.79 ± 0.2
 Milled maize 6.0 7.32 ± 0.3 1.00 ± 0.1 7.36 ± 0.1
 Grinded onion 6.4 6.49 ± 0.1 5.27 ± 0.8 4.74 ± 0.8
 Milled and kneaded 
maize
6.2 7.57 ± 1.0 5.30 ± 0.2 7.53 ± 0.4
 Product after first 
frying
NA 1.77 ± 0.6 – 1.00 ± 0.0
 1st fried product 
left overnight
NA 3.91 ± 0.3 – 3.36 ± 0.1
 Product after final 
frying
6.1 2.07 ± 0.5 – 2.30 ± 0.1
 Product bought 
from Lagosa
6.4 3.00 ± 0.0 1.04 ± 0.1 2.07 ± 0.5
 Product bought 
from Ibadana
6.0 4.36 ± 0.1 – 3.50 ± 0.5
 Product bought 
from Otaa
5.9 3.41 ± 0.4 – 2.14 ± 0.6
Producer 2
 Water for process-
ing
6.8 5.07 ± 0.2 3.20 ± 0.4 –
 Raw maize 6.4 5.62 ± 0.3 – 5.81 ± 0.7
 Boiled maize 5.9 2.04 ± 0.1 – 3.00 ± 0.0
 Fermented maize 5.4 8.85 ± 0.6 1.00 ± 0.0 4.60 ± 0.2
 Steep water after 
fermentation
5.4 8.93 ± 1.0 1.00 ± 0.0 4.66 ± 0.3
 Milled maize 6.2 9.11 ± 0.5 3.32 ± 0.2 6.34 ± 0.4
 Grinded onion 6.5 5.34 ± 0.2 – 4.78 ± 0.5
 Milled and kneaded 
maize
6.1 9.14 ± 0.6 3.30 ± 0.1 6.64 ± 0.2
 Product after first 
frying
NA 2.85 ± 0.1 – 1.34 ± 0.3
 1st fried product 
left overnight
NA 2.79 ± 0.4 – 2.32 ± 0.2
 Product after final 
frying
6.0 2.63 ± 0.3 – 2.30 ± 0.1
Producer 3
 Water for process-
ing
6.7 4.63 ± 0.3 4.34 ± 0.2 –
 Raw maize 6.5 4.93 ± 0.4 – 4.55 ± 0.6
 Boiled maize 6.1 – – –
 Fermented maize 5.7 7.25 ± 0.6 4.07 ± 0.9 3.30 ± 0.1
 Steep water after 
fermentation
5.7 9.74 ± 0.8 4.30 ± 0.1 5.49 ± 0.2
 Milled maize 6.3 7.61 ± 0.2 3.90 ± 0.3 7.17 ± 0.6
 Grinded onion NA NA NA NA
Producer = local producers of kokoro at the three sampling communities.
NA not applicable, TAPC total aerobic plate count.
a Samples purchased from food vendors in other sales outlets.
Table 1 continued
Sample types pH Mean microbial count
TAPC Coliform count Fungal count
 Milled and kneaded 
maize
6.3 6.94 ± 0.7 4.79 ± 0.0 4.96 ± 0.8
 Product after first 
frying
NA 2.50 ± 0.5 – –
 1st fried product 
left overnight
NA 3.61 ± 0.3 – 2.07 ± 0.2
 Product after final 
frying
6.2 2.04 ± 0.1 – 2.00 ± 0.00
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product irrespective of the quality of the other input 
materials (Ruini et al. 2013).
Boiling of the grains is a heat treatment so also is fry-
ing. Heat treatment not only improves the product’s 
taste, smell, appearance and digestibility, it also reduces 
the number of microorganisms, improves quality and 
the overall safety of food. It is thus a critical control 
point (CCP), (Oranusi et al. 2003). Boiling for about 1 h 
will most likely destroy vegetative cells. The mean inter-
nal temperature of 59.0 and 40.5°C which the product 
attained for a period of 1–4 min may not be sufficient to 
achieve reductions of spores and thermo-tolerant micro-
organisms. Kokoro therefore cannot be said to be com-
pletely safe because these temperatures are relied upon 
by the CCP for safety of the product.
Steeping of grain overnight allows for fermentation, 
consequently pH reduction. Fermentation improves the 
keeping quality and safety of fermented foods, pH is thus 
a CCP. The steeping process also allows for the softening 
of the maize kernel, improves milling and product qual-
ity. It also reduces cooking and food preparations period. 
It increases some nutrients (Odunfa 1994; Afoakwa et al. 
2007), however, via leaching some other nutrients loss are 
often inevitable (Osungbaro 2009; Aminigo and Aking-
bala 2004). Steeping/fermentation can also encourage 
growth and multiplication of contaminants and selection 
for acidophiles (Justé et al. 2011). Fermentation of grain 
for kokoro production is by mixed microflora from the 
environment and quality control is lacking in the tradi-
tional kokoro production.
Milling and mixing processes are procedures aimed at 
producing good quality products. However, these pro-
cesses expose the product to possible contamination spe-
cifically when the milling machine and kneading board 
Table 2 Microorganisms isolated from snack and food contact surfaces
Sample types Microbial species isolated
Water for processing Bacillus, Enterobacter
Raw maize Bacillus, Klebsiella, Aspergillus, Rhizopus
Boiled maize Bacillus
Fermented maize Bacillus, Pseudomonas, Lactobacillus, Staphylococcus, Aspergillus, Rhizopus
Steep water after fermentation Bacillus, Staphylococcus, Lactobacillus, Pseudomonas, Aspergillus, Rhizopus
Milled maize Proteus, Pseudomonas, Bacillus, Staphylococcus, Lactobacillus, Cephalosporium, Aspergillus, Rhizopus
Grinded onion Klebsiella, Proteus, Staphylococcus, Cephalosporium, Aspergillus, Rhizopus
Milled and kneaded maize Klebsiella, Proteus, Staphylococcus, Pseudomonas, Aspergillus, Cephalosporium, Penicillium
Product after first frying Bacillus, Rhizopus
1st fried product left overnight Bacillus, Rhizopus
Product after final frying Bacillus, Rhizopus
Product purchased from Lagos Bacillus, Klebsiella, Mucor
Product purchased from Ibadan Pseudomonas, Bacillus, Aspergillus, Alternaria
Product from Sango-Ota Staphylococcus, Bacillus, Penicillium, Fusarium
Swab of bowls for mixing and holding samples Pseudomonas, Bacillus, Aspergillus, Penicillium
Swabs of kneading board Bacillus, Staphylococcus, Aspergillus
Swabs of grinding machine Bacillus, Pseudomonas, Proteus, Staphylococcus, Klebsiella, Aspergillus, Penicillium, Cephalosporium
Hand swabs of personnel Bacillus, Staphylococcus, Aspergillus
Table 3 Percentage proximate compositions (mean values) of products from different sales outlets
NG value not given.
Percentage proximate analysis 
(% w/w)
Sample collection spot Whole maize  
(Oke 1965)
Lagos Study areas Ibadan Sango-Ota
Moisture 3.41 ± 0.02 6.65 ± 2.00 6.50 ± 2.01 6.75 ± 1.03 NG
Fat (ether extract) 24.17 ± 2.01 23.58 ± 3.01 32.59 ± 0.02 19.68 ± 3.02 4.1 ± 1.02
Crude fibre 1.89 ± 1.02 1.84 ± 0.01 2.78 ± 0.01 2.28 ± 0.01 1.3 ± 0.02
Crude protein 6.80 ± 1.03 9.23 ± 2.03 6.76 ± 2.01 7.07 ± 1.03 11.8 ± 2.04
Ash 1.97 ± 0.01 2.31 ± 0.02 2.16 ± 0.01 2.26 ± 0.12 3.7 ± 0.01
Carbohydrate 61.76 ± 3.05 56.38 ± 1.02 49.21 ± 2.02 61.96 ± 0.22 82.6 ± 3.02
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are not properly washed and rinsed to remove previous 
food particles. Bare hands were also used in the transfer 
of grains and onion to be grinded and in the mixing and 
kneading of the materials.
The high TAPC and coliform counts recorded for water 
used for the processing of kokoro by all three producers is 
higher than the standard specification (SON 2007; WHO 
2011). The water is therefore of poor quality. Water used 
for kokoro production was fetched from the drums with 
cups and plates often picked from the floor, contamina-
tion could have resulted from the use of these utensils. 
The primary source of the water, river, pond and borehole 
could equally be contaminated.
The maize was boiled and the microbial load after 
boiling was low prior to fermentation and milling. The 
high microbial load recorded for the milled maize could 
be explained to have originated either from growth and 
multiplication of contaminants during fermentation, 
additions from the grinding machine, wet milled onion, 
the water or combination of these sources. It could also 
be a reflection of the level of exposures and the handling 
processes.
Microbial quality
Bacillus spp are spore formers and are common envi-
ronmental contaminants. They have been implicated in 
numerous ready to eat foods and snacks (Umoh et  al. 
2004; Oranusi and Olorunfemi 2011; Oranusi and Braide 
2012; Lesley et al. 2013). Moulds, Aspergillus, Penicillium 
and Fusarium form resistant spores which are tolerant 
to low pH. They are contaminants in the environment; 
their presence in the final product can thus be explained. 
Some strains of these moulds are known to produce del-
eterious mycotoxin under favourable conditions and are 
good food spoilage agents. The presence of these moulds 
in kokoro must therefore be controlled specifically by 
prompt product consumption and proper storage.
Staphylococcus aureus, Pseudomonas and Klebsiella 
spp are known to survive extreme environmental con-
ditions like high temperature, pH etc. They are com-
monly implicated in food as contaminants and have 
been associated with food borne disease and spoilage. S. 
aureus a common human normal flora could have been 
introduced via the personnel and this is of serious con-
cern because the organism has been implicated in food 
poisoning (Hennekinne et al. 2012). Staphylococcal food 
poisoning (SFP) is of serious concern in the food indus-
try and has been reported as a major food-borne disease 
affecting several thousands of people annually through-
out the world (Hazariwala et  al. 2002; Asao et  al. 2003; 
Hennekinne et al. 2012; Ji-Yeon et al. 2013; Tallent et al. 
2013). Another major source of contamination could be 
the packaging materials (cellophane) which have been 
reported to be opened for use by blowing air into it with 
the bare mouth thereby introducing germs (Oranusi and 
Olorunfemi 2011).
The proximate composition of kokoro reported in this 
work with the exception of percentage fat, fiber and ash 
contents is lower than the composition reported for whole 
maize grain (Oke 1965). This could be attributed to losses 
in nutritional composition due to leaching often associ-
ated with steeping of grains for fermentation (Akobundu 
and Hoskins 1982; Osungbaro 2009; Sanni et al. 2001). The 
moisture content reported for the samples from Lagos are 
significantly (P  <  0.05) lower than others. Low moisture 
content is a reflection of low water activity (aw) which in 
turn reduces microbial proliferation rate and a necessary 
factor in the extension of shelf life and effective storage of 
products. Therefore, the samples from Lagos can be said 
to be more shelf stable than others. The fat content (ether 
extract) of kokoro samples is significantly (P < 0.05) higher 
than the whole grain. This could be explained by the use 
of groundnut oil in the frying of kokoro. Samples from 
Ibadan had higher (P < 0.05) fat content when compared to 
other samples. Similarly, the carbohydrate content of sam-
ples from Ibadan was significantly (P < 0.05) lower com-
pared to other samples all of which have lower values than 
whole maize grain. Losses associated with leaching during 
steeping of grains for fermentation could be responsible 
for the low contents of carbohydrate in kokoro. Fat and 
carbohydrate are energy dense content of food, kokoro is 
thus a rich source of energy. The percentage of crude pro-
tein of the samples from Imashayi was higher than the 
other samples but lower than the content of whole maize 
grain. The ash content of the kokoro samples was higher 
than the content for whole grains. This could be attributed 
to the onion and salt content of kokoro.
In conclusion, the samples examined in this study 
can be said to be nutritionally rich (contain adequate 
basic food nutrients). Commercialization may however 
demand some levels of fortification to make the prod-
uct nutritionally richer (addition of vitamin A and other 
approved nutrients). There should be quality control of 
the production process with the development of specific 
starter culture, standardization of temperature, time, pH 
and microbial loads during processing. There should also 
be appropriate packaging quality control. The personnel 
involved in the production should be educated on the 
hazards and critical control points of kokoro production. 
Good manufacturing practices will aid in making this 
product safe, wholesome and a delight for consumers.
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